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FOREWORD 


To  better  define  the  sources  and  significance  of  contaminants  entering 
the  Upper  Great  Lakes  connecting  channels,  the  relative  contribution  of 
Ontario  tributaries  which  discharge  to  the  St.  Clair  and  Detroit  Rivers 
and  Lake  St.  Clair  was  assessed  by  the  Ontario  Ministry  of  the 
Environment  (MOE),  Great  Lakes  Section,  during  1984  and  1985. 

This  study  was  conducted  to  fulfill  a  Ministry  of  the  Environment 
commitment  to  the  binational  Upper  Great  Lakes  Connecting  Channels  Study 
(UGLCCS),  whereby  non-point  source  impacts  on  the  St.  Clair  and  Detroit 
Rivers  and  Lake  St.  Clair  in  the  vicinity  of  tributary  mouths  would  be 
documented.  More  specifically,  its  purpose  was  to  evaluate  water  quality 
and  sediment  data  from  tributary  mouths,  in  order  to  identify  potential 
industrial  inputs  and  landfill  or  agricultural  (pesticide  or  nutrient) 
impacts  from  rural,  non-point  sources  on  these  connecting  channels. 

Results  from  this  study  were  previously  provided  to  the  scientific  study 
teams  of  the  UGLCCS  project  for  use  in  the  preparation  of  the  final 
report  (UGLCCS,  1989).  Findings  were  also  presented  at  the  31st 
Conference  on  Great  Lakes  Research  (lAGLR)  in  May  1988  at  Hamilton, 
Ontario. 

More  detailed  discussions  of  study  design  and  results  are  presented  here, 
with  specific  recommendations  for  control  programs  based  on  the 
identification  of  potential  sources.  In  this  regard,  additional  sampling 
was  conducted  by  MOE,  Southwestern  Region  during  1986  in  Turkey  Creek  and 
the  Grand  Marais  Drain  to  determine  the  extent  of  PCB  contamination  and 
to  track  down  any  sources.  During  1989,  a  joint  MOE,  Great  Lakes  Section 
-  Southwestern  Region  study  was  conducted  in  Talfourd  Creek  to  identify 
the  source(s)  of  the  hexachlorobenzene  and  other  industrial  organics 
detected  during  the  1984-85  tributary  study. 

Findings  of  this  report  will  be  incorporated  into  the  Stage  1  Remedial 
Action  Plans  for  the  St.  Clair  and  Detroit  Rivers. 
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1.0  SUW1ARY  OF  FINDINGS 

Thirteen  tributaries  which  discharge  to  the  St.  Clair  and  Detroit  Rivers 
and  Lake  St.  Clair  from  Ontario  watersheds  were  sampled  over  an  18-month 
period  beginning  in  April  1984  (Figures  1-4).  Water,  suspended  solids 
and  bottom  sediments  were  collected  on  an  approximately  quarterly  basis 
for  a  wide  range  of  environmental  contaminants.  These  included: 
nutrients,  phenols,  inorganics  including  heavy  metals,  total  PCBs, 
chlorinated  organic  compounds,  several  classes  of  pesticides,  as  well  as 
oils  and  greases.  While  each  of  these  compounds  is  discussed  in  the 
body  of  the  report,  a  brief  summary  of  findings  for  the  general 
categories  of  contaminants  is  provided  here.  These  categories  are: 
Pesticides,  Industrial  Organic  Compounds  and  Inorganics. 

1.1  Pesticides: 


Land  use  in  the  tributary  watersheds  evaluated  during  this  study  is 
largely  agricultural,  with  70-75%  of  the  land  being  devoted  to 
intensively  managed  agricultural  use  (Wall  et  al^.,  1987).  As  a  result, 
pesticides  were  detected  due  to  the  proximity  of  sampling  with  the  time 
of  pesticide  application.  Physical  and  chemical  properties  of  the 
pesticides  determine  their  respective  partitioning  within  the 
surrounding  environment.  As  well,  characteristics  such  as  persistence 
and  stability  determine  the  potential  for  transformation  of  a  particular 
compound. 

Atrazine,  a  widely  used  corn  herbicide,  alpha-BHC,  an  impurity  of  the 
insecticide  lindane  and  p,p'-DDE,  a  breakdown  product  of  the  insecticide 
DDT  were  routinely  detected.  Atrazine  occurred  largely  in  the  dissolved 
phase  in  tributaries  to  the  St.  Clair  River  and  Lake  St.  Clair.  The 
other  two  pesticides  were  mainly  associated  with  suspended  solids  or 
bottom  sediments  from  Lake  St.  Clair  and  Detroit  River  tributaries. 
This  reflects  current  use  patterns,  as  well  as  the  low  water  solubility 
and  persistent  nature  of  some  pesticide  compounds. 


The  occurrence  of  dieldrin  and  DDT,  insecticides  which  were  severely 
restricted  in  use  prior  to  the  1984-1985  surveys,  gives  rise  to  the 
question  whether  these  are  current  or  historical  inputs.  Dieldrin  has 
been  banned  in  the  U.S.A.  since  1974  and  its  only  allowable  use  in 
Canada  is  for  termite  control.  DDT  has  similarly  been  banned  since 
1972;  however,  legal  uses  in  Canada  include  rodent  and  bat  control  in 
enclosed  spaces  (CCREM,  1987).  DDT  has  been  banned  entirely  in  the 
province  of  Ontario  since  January  of  1989.  Both  chemicals  are  available 
in  the  U.S.A.  through  importation  and/or  formulation. 

Several  phenoxy-acid  herbicides  (picloram;  silvex;  2,4,-D;  2,4,5-T)  were 
detected  on  suspended  solids  even  though  they  are  relatively 
non-persistent.  Measurable  values  were  likely  due  to  recent 
applications  in  the  watersheds  and  do  not  appear  to  be  impacting  the 
environment  since  dissolved  concentrations  in  whole  water  did  not 
approach  existing  Provincial  Water  Quality  Objectives  for  the  protection 
of  aquatic  life  (PWQOs). 

Source  identification  of  contaminants  from  runoff,  Water  Pollution 
Control  Plants  (WPCPs)  and  inadequate  septic  systems  is  a  more  difficult 
problem  and  requires  detailed  investigations  both  upstream  and 
downstream  of  suspected  sources. 

1.2  Industrial  Organic  Compounds: 

Hexachlorobenzene  (HCB)  and  octachlorostyrene  (OCS)  as  well  as  several 
other  process-related  compounds,  were  most  frequently  identified  in  the 
outlet  of  the  Cole  Drain,  which  receives  treated  leachate  and  untreated 
runoff  from  a  number  of  industrial  landfill  sites.  The  occurrence  of 
HCB  and  OCS  in  the  Talfourd  Creek  and  the  Sydenham  River,  with  no 
apparent  sources,  gives  rise  to  concern.  PCBs  appeared  to  be  ubiquitous 
on  suspended  solids;  however,  intermittent  peak  values  were  measured  at 
several  tributaries  including  Talfourd  Creek,  Thames  and  Canard  Rivers, 
which  contributed  to  the  high  instantaneous  loadings  from  them. 
Phenols  (total  reactive)  were  routinely  detected  in  tributary  waters  and 
frequently  exceeded  the  PWQO.  The  high  flows  of  the  Thames  and  Sydenham 
Rivers  made  them  the  major  sources  of  phenols. 
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The  significance  of  non-point  source  inputs  relative  to  point  sources 
was  identified  as  potentially  important  for  some  compounds,  particularly 
in  the  event  that  point  source  control  is  achieved.  A  comparison  of 
instantaneous  loadings  of  industrial  organic  compounds  from  selected 
tributaries  at  peak  concentrations  revealed  that  these  loads 
occasionally  approached  industrial  point  source  loadings  from  the  Dow 
42-inch  sewer. 

The  patchy  or  intermittent  nature  of  some  of  these  peak  loads  indicates 
the  need  for  more  intensive  watershed  management  studies  to  provide  more 
extensive  loadings  information  and  to  document  the  origin  of  these 
compounds. 

Concentrations  of  industrial  organic  compounds  such  as  HCB  and  OCS  were 
highest  in  the  Cole  Drain.  While  concentrations  of  these  materials  from 
the  Thames  and  Sydenham  Rivers  was  generally  lower  than  other 
tributaries,  instantaneous  loadings  were  much  higher  due  to  the  higher 
flow  of  these  two  rivers. 

A  number  of  landfill  sites  containing  materials  ranging  from  non- 
hazardous  inert  wastes  to  potentially  hazardous  wastes  have  been 
identified  as  being  situated  within  the  study  watersheds  (GTC,  1985). 
The  extent  of  leachate  migration  and  leachate  characterization  remains 
to  be  documented  in  many  cases.   This  is  particularly  the  case  at  waste 
sites  which  have  been  inactive  for  some  time  and  the  contents  of  which 
have  not  been  accurately  recorded.  Potential  leachate/runoff  inputs 
from  these  landfills  may  contribute  to  tributary  contaminant  levels  as 
non-point  source  inputs. 

1.3  Inorganics: 

Metals  such  as  aluminum,  cadmium,  copper,  iron,  and  to  a  lesser  degree 
zinc,  routinely  exceeded  their  respective  objectives  for  the  protection 
of  aquatic  life.  Specific  industries,  such  as  metal-plating  and 
petroleum  refining  or  services  such  as  marinas  may  be  responsible  for 
contributing  certain  process  or  service-related  contaminants.  For 
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example,  nickel,  chromium  and  zinc  detected  at  the  mouth  of  the  Little 
River  likely  reflect  upstream  metal-plating,  while  marinas  may  be 
responsible  for  some  localized  contamination  from  the  fueling  of  vessels 
and  metal-based  hull  treatments.   In  general,  instantaneous  loadings  of 
inorganics  (including  heavy  metals)  were  much  greater  than  loadings  of 
most  organic  compounds. 

PWQOs  and  dredging  guidelines  were  exceeded  most  frequently  for  heavy 
metals  in  the  surficial  sediments  of  Turkey  Creek,  Talfourd  Creek  and 
the  Little  River. 
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2.0  INTRODUCTION  AND  PURPOSE 


2.1  Project  Initiation 


The  upper  Great  Lakes  connecting  channels  or  rivers  form  the  links 
between  Lakes  Superior,  Huron  and  Erie.  The  latter  two  embrace  the  Lake 
Huron-Erie  corridor  consisting  of  the  St.  Clair  and  Detroit  Rivers  and 
Lake  St.  Clair  (Figure  1).  This  area  has  been  the  focus  of  extensive 
monitoring  by  provincial,  state  and  federal  agencies  through  a  number  of 
initiatives  including  the  Upper  Great  Lakes  Connecting  Channels  Study 
or  UGLCCS  (1985-1989),  the  provincial  Municipal/Industrial  Strategy  for 
Abatement  (MISA)  Pilot  Site  studies  (1986-1989)  and  Remedial  Action  Plan 
(RAP)  programs  (ongoing  since  1986). 

Point  source  monitoring  of  Ontario  industrial  and  municipal  outfalls 
discharging  directly  to  the  upper  Great  Lakes  connecting  channels  has 
been  documented  for  the  St.  Clair  River  (Ontario  Ministry  of  the 
Environment  (MOE)  and  Environment  Canada  (DOE),  1986). 

The  significance  of  contaminant  inputs  entering  through  non-point 
sources  has  been  addressed  as  part  of  the  Upper  Great  Lakes  Connecting 
Channels  Study.  This  intensive  bi-national  (Canada/U.S. )  project 
examined  a  number  of  non-point  sources  including:  potential  leaching 
from  waste  disposal  sites,  agricultural  sources  and  additional  diffuse 
non-point  sources  through  15  distinct  activities  (Appendix  I). 

The  present  study  was  conducted  to  fulfill  an  Ontario  Ministry  of  the 
Environment  commitment  to  the  UGLCCS,  whereby  non-point  source  impacts 
on  the  St.  Clair  and  Detroit  Rivers  and  Lake  St.  Clair  in  the  vicinity 
of  tributary  mouths  would  be  documented.  The  study  was  designed  to 
evaluate  water  quality  and  sediment  data  from  tributary  mouth  sampling 
to  identify  potential  industrial  inputs  or  agricultural  (pesticide  or 
nutrient)  impacts  from  rural,  non-point  sources  on  the  upper  connecting 
channels. 
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Estimated  loadings  from  these  tributaries  will  provide  insight  into  the 
significance  of  non-point  source  inputs  when  compared  to  point  source  Or 
"system"  loadings  to  the  connecting  channels. 

2.2  Description  of  Study  Area 

Contaminants  inputs  to  the  St.  Clair  and  Detroit  Rivers  and  Lake 
St.  Clair  include  a  number  of  direct  discharges  from  industrial  and 
municipal  point  sources. 

A  tributary  study  of  this  nature  is  conducted  in  order  to  assess  the 
importance  of  indirect  dischargers  (which  discharge  to  tributaries) 
relative  to  direct  dischargers  to  the  St.  Clair  and  Detroit  Rivers  and 
Lake  St.  Clair.  By  evaluating  water,  suspended  solids  and  bottom 
sediment  quality  at  the  mouths  of  tributaries,  one  can  gain  insight  into 
the  net  impact  of  any  and  all  indirect  dischargers. 

During  the  period  from  April  1984  to  November  1985,  staff  from  the  Water 
Resources  Branch,  Great  Lakes  Section,  sampled  13  Ontario  tributaries  in 
the  Lake  Huron-Erie  corridor.  These  were  selected  on  the  basis  of  known 
or  suspected  inputs  (sources)  to  each  tributary  and  on  the  potential  for 
impact  to  the  connecting  channels.  Figures  2-4  identify  tributaries  and 
sampling  locations  for  each  of  the  St.  Clair  and  Detroit  Rivers  and  Lake 
St.  Clair,  as  well  as  industrial  and  municipal  sources  discharging  either 
directly  or  indirectly  (via  tributaries)  to  these  water  bodies. 

Some  of  the  sources  to  the  tributaries  are  apparent  and  may  have  been 
previously  documented  through  end-of-pipe  measurements  at  specific 
industrial  or  municipal  point  sources  as  part  of  UGLCCS,  MISA  or  other 
investigations. 

Other  potentially  significant  sources  may  be  extremely  difficult  to 
locate  and  quantify.  These  sources  may  include:  urban  and  rural  runoff; 
surface  and  groundwater  leachate  migration  from  landfill  sites;  as  well 
as  diffuse  and  intermittent  sources  from  pesticide  applications, 
recreational  motorboats,  snowmelt  and  other  sources. 
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The  following  sections  outline  in  some  detail,  the  presence  of  known 
and/or  potential  sources  to  these  tributaries.  Recognizing  that  direct 
cause/effect  relationships  from  upstream  sources  based  on  a  tributary 
mouth  study  may  only  be  inferred,  the  following  will  provide  possible 
explanations  for  the  occurrence  of  some  contaminants.  Further,  this  will 
flag  unexpected  materials  and  provide  a  basis  for  future  investigations. 

2.2.1  St.  Clair  River 


Perch  Creek: 

Perch  Creek  (Figure  2)  discharges  to  lower  Lake  Huron  through  the  Gull 
Drain;  however,  the  hydrodynamics  of  this  area  results  in  the  plume 
hugging  the  shoreline  and  entering  the  St.  Clair  River.  There  are  no 
apparent  point  source  discharges  entering  Perch  Creek;  however,  a  number 
of  fish  kills  have  been  observed  in  the  past.  Tricil  operates  a 
hazardous  waste  treatment  and  disposal  facility  near  the  headwaters  of 
Perch  Creek,  Baby  Creek  and  Bear  Creek  (see  Sydenham  River,  section 
2.2.2  )  but  there  is  no  evidence  of  leachate  migration  (GTC,  1986). 

The  Township  of  Sarnia  operates  a  domestic  commercial  landfill  site  with 
potential  for  surface  runoff  to  Perch  Creek  (GTC,  1986).  A  leachate 
collection  system  has  been  operating  since  1986  and  pilot  scale  leachate 
treatment  systems  are  being  considered  for  use  in  the  future 
(D.  Gaudenzi,  MOE,  Sarnia  District  Office,  personal  communication  1988). 

Cole  Drain 

Treated  leachate  and  untreated  runoff  from  Dow,  Polysar  and  Esso 
Petroleum  landfill  sites  adjacent  to  the  Scott  Road  ditch  eventually 
reach  the  St.  Clair  River  through  the  Cole  Drain  (Figure  2).  Hazardous 
and  non-hazardous  solid  and  liquid  waste  has  been  disposed  of  at  the  Dow 
Scott  Road  Landfill  Site  since  1948  (GTC,  1986).  This  drain  has  been 
demonstrated  to  be  a  very  significant  source  to  the  St.  Clair  River  of 
many  of  the  materials  attributed  to  Dow  Chemical  Ltd.  (MOE,  1987;  1989). 


FIGURE  2:   St.    Clair  River    1984-1985    Tributary    Study 
sampling  locations. 
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The  Cole  Drain  discharge  averages  about  145,000  m^/day  (Edwardson  and 
King,  1988)  to  the  St.  Clair  River.   It  receives  drainage  from  the 
Township,  Polysar  perimeter  and  Scott  Road  ditches.  Drainage  enters 
these  ditches  as  runoff  from  undeveloped  and  developed  land,  waste 
disposal  and  product  storage  areas,  treated  and  untreated  runoff  and 
industrial  effluent  and  cooling  water  (MOE/DOE,  1986). 

Condensate,  storm  and  cooling  water  from  Polysar  and  effluent  from  the 
Polysar  Biological  Oxidation  (Biox)  treatment  plant  enter  the  Cole  Drain 
immediately  prior  to  its  discharge  to  the  St.  Clair  River  (Edwardson 
and  King,  1988).   The  Biox  plant  is  responsible  for  treating  waste 
material  from  Polysar  and  other  area  industries  by  means  of 
microbiological  breakdown. 

Talfourd  Creek 

Shell  Canada  Limited  operates  a  crude  oil  refinery  and  a  chemical  plant 

situated  north  of  Corunna.  Once-through  cooling  water  and  discharges 

from  the  refinery  stormwater  and  oily  water  separators  are  directed  to 
Talfourd  Creek  (Edwardson  and  King,  1988)  (Figure  2). 

Runoff  and/or  sub-surface  water  was  identified  as  potentially  entering 
Talfourd  Creek  from  several  landfill  sites  (GTC,  1986).  These  include, 
though  perhaps  are  not  limited  to:  Dow  Chemical  Ltd.,  Unitec  Inc.  and 
Welland  Chemical  Ltd.  Surface  runoff  controls  appear  to  be  adequate  for 
these  sites;  however,  leachate  migration  requires  further  documentation. 
Studies  conducted  in  the  vicinity  of  the  Unitec  site  indicate  no  change 
in  water  quality  downstream  compared  to  upstream  (MOE/DOE,  1988).  Each 
of  these  sites  contains  industrial  wastes,  some  of  which  may  be 
considered  hazardous,  while  much  of  the  material  is  non-hazardous  or 
inert. 

Baby  Creek 

Novacor  at  Corunna,  a  producer  of  polyethylene,  discharges  its  cooling 
water  and  sanitary  wastewater  to  the  St.  Clair  River  following  on-site 
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treatment.  Stormwater  is  normally  routed  to  the  St.  Clair  River; 
however,  under  high  runoff  conditions,  some  stormwater  may  overflow 
retention  ponds  and  enter  Baby  Creek  (Figure  2). 

Potentially  contaminated  stormwater  may  also  be  discharged  from  the  Shell 
Canada  Ltd.  chemical  plant  to  Baby  Creek  by  way  of  a  retention  pond. 

Murphy  Drain 

Chinook  chemicals  manufacturers  ammonia-based  agricultural  products. 
Wastewater  is  discharged  to  the  St.  Clair  River  via  the  Murphy  Drain 
(Figure  2). 

2.2.2  Lake  St.  Clair 


Sydenham  and  Thames  Rivers 

Both  rivers  pass  through  intensively  managed  agricultural  areas 
comprising  75%  of  the  respective  drainage  basins  (Figure  3).  Cash 
cropping  accounts  for  the  greatest  land  use,  with  approximately  70%  of 
agricultural  land  dedicated  to  corn  and  soybeans  (Wall  et  a2.,  1987). 

In  the  Thames  and  Sydenham  basins,  approximately  2.4  kg  of  pesticides  are 
applied  to  each  hectare  of  agricultural  land.  Up  to  20%  of  the  Lake 
St.  Clair  drainage  basin  has  been  demonstrated  to  have  a  high  potential 
for  pesticide  transport  to  surface  and  groundwater  systems  (Wall,  et  aj. 
1987). 

The  Thames  River  also  passes  through  urban  communities  such  as  Woodstock 
London,  Thamesville  and  Chatham.  The  Sydenham  River  passes  through  such 
communities  as  Wallaceburg,  Dresden,  Alvinston  and  Strathroy.  Both 
rivers  receive  urban  and  rural  drainage  as  well  as  industrial  and 
municipal  point  source  discharges.  Several  landfills  are  also  situated 
within  the  Thames  and  Sydenham  drainage  basins  (GTC,  1986),  and  a  marina 
is  located  at  the  mouth  of  the  Thames  River.  Bear  Creek,  which  is 
tributary  to  the  Sydenham  River,  receives  potential  drainage  from 
landfill  sites  as  well  as  from  oil  wells  near  Petrolia,  Ontario. 


11 


MICHIGAN 


MOUNT 


ONTARIO 


a. 
WALLACEBURGy'° 


^^. 


c5A\°l 


^/"^ 


S'^ecA 


"^ 


'eo>x£- 


ytHj^ 

J'\^^NETT£S 

^1       ^ 

%r 

0 

czJiVm 

FIGURE  3:  Lake   St.    Clair    1984-1985    Tributary 
Study  sampling  locations 
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Belle  River  and  Pike  Creek 

Both  of  these  tributaries  are  situated  on  a  primarily  agricultural 
drainage  basin,  not  unlike  the  Sydenham  and  Thames  Rivers,  and  enter  Lake 
St.  Clair  along  its  southern  shore  (Figure  3).  A  marina  is  situated  at 
the  mouth  of  the  Belle  River,  serving  the  community  of  Belle  River 
(population  3,800). 

Municipal  wastes  are  discharged  directly  to  Lake  St.  Clair  from  the  Belle 
River  waste  water  treatment  plant  (WWTP).  The  area  around  Pike  Creek  is 
undergoing  rapid  residential  and  commercial  expansion;  however,  there  are 
no  direct  discharges  to  the  Creek.  Hiram  Walker  (a  distillery)  operates  a 
large  storage  facility  adjacent  to  Pike  Creek.  No  wastes  are  generated 
since  no  processing  occurs  at  the  site. 

2.2.3  Detroit  River 

Little  River 

Historically,  the  Little  River  (Figure  4)  has  experienced  elevated 
bacteriological  counts  due  to  inadequate  treatment  at  the  Little  River 
WWTP  (Kinkead  and  Hamdy,  1976;  Hamdy  and  Johnson,  1987). 

The  WWTP  is  undergoing  expansion  to  improve  its  hydraulic  capacity  and 
the  City  of  Windsor  is  currently  evaluating  options  to  further  improve 
water  quality  in  the  Little  River.  It  should  be  noted  that  the  Little 
River  WWTP  treats  mainly  domestic  sewage,  while  most  industrial  wastes 
from  the  Windsor  area  are  directed  to  the  West  Windsor  WWTP. 

Industrial  wastes  from  Wickes  Manufacturing  (Windsor  Bumper),  an 
electroplating  industry  which  discharges  directly  to  the  Little  River, 
contain  elevated  levels  of  heavy  metals  (e.g.,  nickel,  chromium  and  zinc); 
however,  the  industry  does  not  appear  to  be  a  source  of  organic 
contaminants  (Edwardson  and  King,  1988).   Improvements  to  the  waste 
treatment  facilities  at  Windsor  Bumper  are  planned  to  conform  with  the 
Ministry's  Sewer-Use  Control  by-law.  This  will  enable  the  plant  to 
discharge  its  effluent  to  the  Little  River  WWTP  for  treatment. 
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FIGURE  4:  Detroit  River    1984-1986    Tributary 
Study  sampling  locations 
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Domestic  and  industrial  solid  wastes  from  Chrysler,  Ford,  General  Motors 
and  Hiram  Walker  were  disposed  of  at  a  City  of  Windsor  disposal  site 
prior  to  1973.  Shallow  groundwater  in  this  vicinity  travels  northward 
to  Lake  St.  Clair  by  way  of  the  Little  River  drainage  basin.  Leachate 
from  this  site  has  been  identified  by  MOE;  however,  it  has  not  been 
characterized.  Further  investigations  will  be  required  to  document  the 
potential  impact  on  water  quality  in  the  Little  River  (GTC,  1986).  This 
work  should  include  a  watershed  study  to  document  the  occurrence  and 
impact  of  specific  sources. 

Gulf  and  Western  Canada  Ltd.,  which  is  adjacent  to  the  Little  River, 
currently  operates  a  landfill  containing  process  sludges  and  neutralized 
"plating"  solutions.  Surface  runoff  is  being  monitored;  however,  no 
ground  water  monitoring  equipment  has  been  installed  (GTC,  1986). 

Turkey  Creek 

A  series  of  drains  and  ditches  lead  to  Turkey  Creek  south  of  Windsor 
(Figure  4).  Sediments  in  the  Grand  Marais  Drain  and  ditches  near  Zalev 
Brothers  scrapyard  contained  elevated  PCB  levels  in  1986.  Water  and 
sediment  samples  taken  in  1987  from  the  Grand  Marais  Drain  and  Turkey 
Creek  revealed  very  low  PCB  levels.  Further  samples  will  be  obtained  to 
determine  if  these  lowered  levels  indicate  a  trend  or  are  spurious 
(M.  Paraschak,  MOE,  Windsor  District  Office  personal  communication, 
1988).   Can-Am  Petroleum,  a  waste  oil  recycler  is  also  currently 
operating  in  the  watershed. 

The  Grand  Marais  Drain  is  subject  to  discharges  from  storm  sewers, 
septic  tanks,  and  various  small  industrial  operations.  This  area  of 
Windsor  is  not  entirely  serviced  by  sanitary  sewers  and  is  currently 
undergoing  a  $40  million  construction  project  to  replace  inadequate 
septic  systems  with  sanitary  sewers  (Hamdy  and  Johnson,  1987). 

During  and  prior  to  this  investigation,  the  Chrysler  Canada  automotive 
facility  discharged  effluent  from  their  oily  waste  treatment  plant 
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directly  to  Turkey  Creek.  This  practice  has  stopped  in  the  last  several 
years;  however,  residual  contamination  may  still  be  present. 

Canard  River  (Riviere  aux  Canards) 

Industrial  operations  in  the  Canard  River  (Figure  4)  are  limited  to  the 
manufacture  of  soda  ash  by  General  Chemical.  This  may  result  in 
chloride  levels  above  background  due  to  the  use  of  brine  in  the 
manufacturing  process. 

The  watershed  is  primarily  agricultural  with  little  industrial  or 
municipal  impacts.  A  waste  site  inventory  (GTC,  1986)  of  the  area  did 
not  highlight  any  landfills  with  potential  runoff  to  the  Canard  River. 

Big  Creek 

Big  Creek  drains  a  predominantly  rural  marshy  area  southeast  of 
Amherstburg  (Figure  4).  Occasional  oil  wells  and  a  rock  quarry  may 
result  in  some  inorganic  salts  being  elevated,  while  agricultural 
practices  may  increase  pesticide  contamination. 

A  waste  site  operated  by  General  Chemical  prior  to  1982  was  demonstrated 
to  impact  the  Big  Creek  marsh  and  local  domestic  wells  (GTC,  1986).  A 
new  settling  basin  has  been  in  use  since  1982  with  no  anticipated 
discharge  to  Big  Creek. 
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3.0  METHODS 

3.1  Field  and  Laboratory  Methods 

A  series  of  eight  surveys  on  Ontario  tributaries  to  the  St.  Clair  and 
Detroit  Rivers  and  Lake  St.  Clair  were  conducted  between  April,  1984  and 
November,  1985.  During  each  survey,  water  and  suspended  solids  samples 
were  obtained  from  thirteen  (13)  tributary  mouths  (Table  1).  An 
additional  station  was  located  upstream  of  Shell  Oil,  which  discharges 
immediately  upstream  of  the  mouth  of  Talfourd  Creek. 

During  each  survey,  tributary  discharge  rates  were  directly  measured  by 
cross-sectional  profiling  of  tributary  depth  and  velocity  using  a 
Marsh-McBirney  meter.  These  data  were  later  converted  to  total 
discharge  rates  expressed  in  cubic  metres/second  (m^/s).  Temperature, 
dissolved  oxygen  and  pH  profiles  were  recorded  at  mid-channel  of  each 
tributary  mouth  prior  to  sampling  to  determine  if  intrusion  from  the 
respective  connecting  channel  was  occurring.  If  this  was  the  case,  the 
sampling  station  was  moved  upstream  to  a  more  appropriate  location. 

Tributary  water  was  obtained  from  mid-depth  using  a  March  Model  5CMD 
submersible  pump  and  Teflon-lined  hose  connected  to  a  continuous-flow 
Alfa-Laval  Model  1Q3B  centrifuge.  Composite  whole  water  samples  were 
collected  quarterly  over  the  three  to  six-hour  centrifugation  period  by 
collecting  subsamples  from  the  influent  stream  to  the  centrifuge  in  the 
appropriate  sample  bottles  (MOE,  1985).  The  total  volume  of  water 
processed  during  centrifugation  ranged  from  1500  to  2000  litres, 
enabling  a  minimum  of  25  grams  wet  weight  of  suspended  solids  to  be 
col lected. 

Water  samples  were  analysed  for  suspended  solids,  nutrients,  total 
reactive  phenols  (4-AAP),  inorganics  including  heavy  metals,  total  PCBs, 
insecticides,  herbicides,  chlorinated  aromatics,  chlorinated  phenols  and 
conventional  water  quality  parameters  (Table  2).  A  further  water  sample 
was  submitted  from  each  location  for  priority  pollutants  analysis  on  the 
first  survey  only. 
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TABLE  1:   MOE  ST.  CLAIR/DETROIT  RIVERS  TRIBUTARY  SAMPLING 
LOCATIONS:  1984  -  1985 


Station  # 

Location 

Refer  to 
Figure# 

Receiving 
Body  of  Water 

0800150006 
1500150007 

Perch  Creek/Gull 

Drain 
Cole  Drain 

2 
2 

Lake  Huron 

St.  Clair  River 

1500150004 

Talfourd  Creek 
(upstream) 

2 

St.  Clair  River 

1500150003 

Talfourd  Creek 
(mouth) 

2 

St.  Clair  River 

1500150005 

Baby  Creek 

2 

St.  Clair  River 

1500150006 

Murphy  Drain 

2 

St.  Clair  River 

0400150002 

Sydenham  River 

3 

Lake  St.  Clair 

0400150001 

Thames  River 

3 

Lake  St.  Clair 

0400150003 

Belle  River 

3 

Lake  St.  Clair 

0400150004 

Pike  Creek 

3 

Lake  St.  Clair 

1000150005 

Little  River 

4 

Detroit  River 

1000150006 

Turkey  Creek 

4 

Detroit  River 

1000150007 

Canard  River 

4 

Detroit  River 

1000150008 

Big  Creek 

4 

Lake  Erie 
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Suspended  solids  and  bottom  sediments  were  analysed  for  total  PCBs, 
insecticides,  herbicides,  chlorinated  phenols,  chlorinated  aromatics, 
inorganics  including  heavy  metals,  nutrients,  solvent  extractables ,  loss 
on  ignition  and  particle  size  distribution  (Table  2).  Contaminant 
concentrations  are  expressed  on  a  dry  weight  basis  for  sediments. 

Surficial  bottom  sediments  were  collected  by  Ponar  grab  during  the  final 
survey  in  each  calendar  year  and  analysed  for  the  above  parameters.  The 
top  3  cm  of  each  of  three  grabs  taken  across  the  tributary  mouth  were 
composited  and  homogenized  prior  to  submission  for  analysis. 

Duplicate  (split)  water  and  suspended  solid  samples  and  field  blanks  for 
water  samples  only  were  taken  at  the  Thames  River  and  Talfourd  Creek 
mouths  on  each  survey.  Duplicate  results  are  presented  together  with 
sample  results  in  Appendix  II.  Typically,  there  is  excellent  agreement 
between  duplicates,  as  values  were  within  ±  10%  of  each  other  in  most 
instances.  Differences  between  duplicates  rarely  exceeded  20%.  Results 
from  distilled  water  field  blanks  were  generally  below  laboratory  method 
detection  limits. 

Field  and  laboratory  procedures  followed  established  Ministry  of  the 
Environment  sampling  and  analytical  protocols  (MOE,  1983  and  1985). 

3.2  Statistical  Treatment  and  Use  of  Data 

Much  of  the  data  presented  in  this  report  has  been  interpreted  in  a 
descriptive  or  qualitative  manner.  Due  to  the  time-consuming  nature  of 
the  sample  collection  program  and  the  resultant  few  samples,  the  use  of 
statistical  tools  was  limited,  as  was  the  confidence  associated  with 
long-term  (i.e.,  yearly)  estimates  of  loadings.  As  a  result,  figures 
presented  for  various  parameters  reflect  arithmetic  means  for  all 
surveys  on  a  station-by-station  basis.  Loadings  are  expressed  as 
instantaneous  values  reflecting  the  concern  over  extrapolating  the  data 
from  a  relatively  limited  data  set  to  generate  long-term  averages. 

As  noted  previously,  flows  used  in  calculating  loadings  were  measured  in 
the  field,  coincident  with  sampling.  However,  for  large  rivers 
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TABLE  2:  1984-1985  -  TRIBUTARY  STUDY  LIST  OF  ANALYTICAL 
PARAMETERS  BY  MEDIA 


PARAMETER 

MEDIA 

BOTTOM  SEDIMENTS/ 

WATER 

SUSPENDED  SOLIDS 

Conductivity,  suspended  solids,  dissolved 

V 

inorganic  carbon,  dissolved  organic 

carbon,  chlorides,  alkalinity,  hardness 

Total  phosphorus,  total  Kjeldahl  nitrogen 

y/ 

y/ 

Ammonia,  nitrate  +  nitrite,  total  phenols 

V 

Aluminum,  arsenic,  cadmium,  chromium. 

V 

y/ 

cobalt,  copper,  iron,  lead,  manganese. 

mercury,  nickel,  selenium,  zinc 

Solvent  extractables 

V 

Organochlorine  insecticides 

y/ 

y/ 

Organophosphorus  insecticides 

* 

y/ 

Carbamate  insecticides 

* 

V 

Phenoxy  acid  herbicides 

V 

y/ 

Triazine  herbicides 

V 

y/ 

Chlorinated  aromatics 

V 

y/ 

Chlorinated  phenols 

V 

y/ 

Total  PCBs 

y/ 

y/ 

Priority  organics 

* 

V** 

no  analytical  capability  for  sediments, 
1st  survey  only 
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(e.g.  Thames  R.),  data  supplied  by  the  Water  Survey  of  Canada  and 
corrected  for  the  river  mouth  was  used.   If  values  were  available  from 
both  sources,  a  mean  daily  discharge  was  utilized  to  calculate 
instantaneous  loadings;  otherwise,  either  field-collected  or  Water  Survey 
of  Canada  data  were  used.  Loadings  could  not  be  calculated  for  two 
tributaries,  Murphy  Drain  and  Big  Creek,  because  of  lack  of  flow  during 
sampl ing. 

4.0  RESULTS  AND  DISCUSSION 


The  following  discussion  of  results  is  intended  to  provide  the  reader 
with  a  concise  overall  summary.  Hence,  loadings  presented  are  based  on 
arithmetic  mean  concentrations  and  flows. 

4.1  UGLCCS  Target  Compounds: 

An  initial  assessment  of  the  tributary  monitoring  data  was  conducted 
using  a  designated  "short  list"  of  contaminants  chosen  by  the  Modelling 
Work  Group  of  the  UGLCCS.  The  list,  which  was  assembled  based  upon  the 
criteria  of  ubiquity,  level  of  concern  and  utility  for  modelling 
purposes,  consisted  of  the  following  compounds: 

-  Total  Cadmium  (Cd) 

-  Total  Lead  (Pb) 

-  Hexachlorobenzene  (HCB) 

-  Octachlorostyrene  (OCS) 

-  Total  Polychlorinated  Biphenyls  (PCBs) 

-  Chloride  (CI") 

-  Total  Phosphorus  (TP) 

While  each  of  these  seven  contaminants  may  not  satisfy  all  of  the  above 
criteria,  their  documented  presence  in  the  upper  Great  Lakes  connecting 
channels  (Hamdy  and  Post,  1985;  Kauss  and  Hamdy,  1985;  MOE/DOE ,  1986; 
Johnson  and  Kauss,  1987),  along  with  numerous  other  contaminants  of 
concern,  will  enable  an  estimation  of  the  relative  importance  of 
non-point  source  inputs. 
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Lead,  HCB  and  OCS  are  mainly  attributed  to  industrial  point  sources 
along  the  Canadian  shore  of  the  St.  Clair  River  (Kauss  and  Handy,  1985; 
MOE/DOE  1986;  Johnson  and  Kauss,  1987),  while  lead,  cadmium  and  PCBs  are 
contaminants  of  concern  in  the  Detroit  River  (Hamdy  and  Post,  1986; 
Kaiser  et  al^. ;  1985;  Kauss  and  Hamdy,  1985;  Johnson  and  Kauss,  1987). 

Chloride  is  a  conservative  parameter  which  is  typically  associated  with 
industrial  point  sources  through  the  refinement  of  mined  salt  or  as  a 
by-product  in  chemical  manufacture.   Elevated  chloride  levels  may  also 
occur  as  a  result  of  urban  runoff  containing  road  salt  or  from  brine 
displacement  in  the  storage  of  chemical  wastes.   It  has  been 
demonstrated  that  chloride  provides  reasonable  sensitivity  for 
near-field  modelling  applications. 

Municipal  Water  Pollution  Control  Plants  (WPCPs)  and  urban  runoff 
contribute  the  greatest  phosphorus  loadings  to  tributaries  and  the 
connecting  channels.  Total  phosphorus  is  a  useful  indicator  of 
enrichment  from  nutrient  loadings.  Total  phosphorus  and  chloride  have 
been  identified  as  requiring  further  point  and  non-point  source  control 
(IJC,  1985). 

The  above  short  list  of  contaminants  will  serve  as  a  starting  point  for 
discussion  of  results.   In  addition  to  this  abbreviated  list,  this  study 
has  also  analyzed  for  a  number  of  classes  of  pesticides,  many  additional 
metals  and  chlorinated  organic  compounds  to  determine  their  significance 
in  both  tributaries  and  the  Great  Lakes  connecting  channels.  Each 
contaminant  will  be  discussed  with  respect  to  the  media  in  which  it 
occurs  and  its  potential  sources,  as  well  as  any  exceedences  of  water 
quality  objectives  for  the  protection  of  aquatic  life  or  of  guidelines 
for  dredged  material. 

By  discussing  the  occurrence  and  distribution  of  these  and  other 
contaminants  from  both  potential  point  and  non-point  sources,  the 
relative  importance  of  each  source  group  will  be  placed  into 
perspective. 
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4-2  Industrial/Municipal  Point  Source  Contaminants 

Synthetic  organic  compounds  do  not  occur  naturally  and  may  be  a  useful 
fingerprint  to  identify  the  receiving  water  impact  of  industrial  outfalls 
which  discharge  by-products  and/or  trace  levels  of  end  products  to 
tributaries.  In  addition  to  the  loss  of  waste  by-products,  continuous 
low  level  inputs  or  episodic  spills  of  waste-and  end-products  occur  at 
various  industries  throughout  the  Lake  Huron-Erie  corridor  (MOE/DOE, 
1986;  MOE,  1987;  Edwardson  and  King,  1988). 

4.2.1  Industrial  Organic  Compounds 

A  number  of  organic  compounds  have  been  identified  in  wastewater 
discharged  from  Ontario  industrial  point  sources  along  the  St.  Clair 
River  (MOE/DOE,  1986;  MOE,  1987). 

Petrochemical  industries  such  as  Dow  Chemical  at  Sarnia,  Ontario,  produce 
chlorinated  solvents  including  perchloroethylene  (tetrachloroethylene) , 
vinyl  chloride  and  carbon  tetrachloride.  By-products  in  the  manufacture 
of  perchloroethylene  include  hexachlorobenzene  and  hexachloroethane 
(Wells,  1985).  Hexachlorobenzene  has  been  identified  as  a  persistent, 
highly  toxic,  bioaccumulati ve  and  mutagenic  compound  (MOE/DOE,  1986). 
Hexachlorobutadiene  and  octachlorostyrene  occur  as  impurities  in  the 
electrolytic  production  of  chlorine  (Kaminsky  and  Hites,  1984)  a  process 
employed  at  Dow  Chemical  in  Sarnia. 

The  above  by-products  and  waste  materials  accumulate  as  a  residual 
"taffy"  (Kaminsky  and  Hites,  1984)  which  necessitates  disposal,  either 
through  landfilling  or  by  incineration.  This  leads  to  the  possibility  of 
reintroducing  these  compounds  to  the  local  environment. 

Since  these  waste  materials  are  produced  at  a  limited  number  of  sites,  it 
is  informative  to  map  their  distribution  in  tributary  samples  in  order  to 
determine  if  the  problem  is  restricted  in  area!  extent  or  if  additional 
sources  may  exist.  For  example,  Kaminsky  and  Hites  (1984)  reported  that 
isolated  watersheds  adjacent  to  known  sources  contained  no  OCS  while 
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areas  downstream  of  Dow  Chemical  in  Sarnia  (the  only  Ontario  chlorine 
producer  in  the  lower  Great  Lakes)  contained  detectable  DCS  residues. 

Industrial  organic  contaminants  such  as  hexachloroethane  (HCE), 
hexachlorobenzene  (HCB),  and  hexachlorobutadiene  (HCBD)  were  detected 
most  frequently  in  whole  water  samples  from  the  Cole  Drain  (43%,  89%  and 
57%  of  samples,  respectively).  These  compounds  were  also  detected  at 
several  other  locations,  including  Talfourd  Creek  and  the  Murphy  Drain, 
but  generally  at  a  lower  frequency  (Table  3). 

Hexachlorobutadiene  and  hexachloroethane  could  not  be  measured  on 
suspended  solids  and  sediments  due  to  analytical  limitations  during  1984 
and  1985.  However,  subsamples  of  bottom  sediments  collected  in 
November,  1985,  were  analyzed  for  these  contaminants  by  an  external 
contract  laboratory  (Mann  Testing,  Mississauga,  Ontario).  Of  the  seven 
tributaries  selected  (Perch  Creek,  Talfourd  Creek  d/s,  Murphy  Drain, 
Sydenham  River,  Thames  River,  Little  River  and  Turkey  Creek),  it  is 
noteworthy  that  only  the  Talfourd  Creek  sediments  contained  quantifiable 
levels  of  HCBD  (12.7  ng/g).  HCE  was  not  detected  at  a  method  detection 
limit  (MDL)  of  5  ng/g  (ppb). 

HCB  was  detected  in  2  of  8  water  samples  at  the  upstream  station  in 
Talfourd  Creek  and  79%  (11  of  14)  of  water  samples  obtained  at  the 
mouth.  More  than  half  of  these  latter  samples,  as  well  as  those  from 
the  Cole  Drain,  exceeded  the  Provincial  Water  Quality  Objective  for  the 
protection  of  aquatic  life  (PWQO)  of  6.5  ng/L  (ppt). 

Findings  from  current  MOE  investigations  have  shown  a  strong  affinity 
between  suspended  particulate  material  and  higher  chlorinated  hydro- 
carbons such  as  hexachlorobenzene  and  octachlorostyrene  (MOE,  1989). 
The  occurrence,  primarily  on  solids,  of  HCB  and  OCS  in  Talfourd  Creek 
and  OCS  in  the  Sydenham  River  (Figures  5  and  6)  with  no  apparent  source 
gives  rise  to  some  concern.  Possible  sources  may  involve  airborne 
transport  or  entry  by  way  of  landfill  leachate;  however,  these 
mechanisms  are  not  well  documented.  Studies  to  address  airborne  input, 
urban  runoff,  landfill  leachate  and  groundwater  contamination  formed 
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part  of  the  Upper  Great  Lakes  Connecting  Channels  Study  report  (UGLCCS 
1985;  see  Appendix  I).   It  should  also  be  noted  that  while  temperature, 
oxygen  and  pH  profiles  were  obtained  to  avoid  sampling  an  area  subject  to 
intrusion  from  the  St.  Clair  River,  this  may  still  have  occurred. 
Effects  from  the  Shell  refinery  outfall  will  be  noted  only  at  the  lower 
Talfourd  Creek  location  as  the  upper  station  is  situated  above  any 
influence  from  this  outfall. 

PCB  levels  on  suspended  solids  at  the  mouths  of  tributaries  reflect 
upstream  inputs,  while  the  widespread  detection  of  PCBs  leads  to  the 
conclusion  that  they  are  ubiquitous.  Nevertheless,  very  high 
concentrations  were  detected  on  single  samples  from  Talfourd  Creek,  the 
Thames  River  and  the  Canard  River,  resulting  in  high  mean  concentrations 
(Figure  7) . 

The  Ontario  Ministry  of  the  Environment  dredging  guideline  for  the  open 
water  disposal  of  dredged  material  (50  ng/g)  was  exceeded  in  one  of  two 
bottom  sediment  samples  from  Pike  Creek  (70  ng/g)  and  Talfourd  Creek 
(u/s  -  70  ng/g;  d/s  -  65  ng/g).  The  guideline  was  consistently  exceeded 
at  the  Little  River  and  Turkey  Creek  (Figure  7),  with  individual  values 
up  to  420  and  1815  ng/g,  respectively. 

Total  phenols  exceeded  the  PWQO  of  1  mq/L  (ppb)  in  46%  to  100%  of  all 
water  samples  obtained  during  1984  and  1985.  Phenols  may  occur  naturally 
as  by-products  of  aquatic  plant  decomposition  as  well  as  from  industrial 
effluents  and  domestic  sewage.  A  further  source  arises  from  the 
degradation  of  phenolic  pesticides  (CCREM,  1987),  which  may  be  a 
significant  source,  given  the  intensive  agricultural  land  use  of  the 
area. 

As  indicated  previously,  water  samples  from  the  April,  1984  survey  only 
were  submitted  for  a  priority  organics  scan.  Several  compounds  not 
identified  in  the  routine  organic  scans  (Table  2)  were  detected.  These 
included  the  volatile  compounds  chloroform,  1,1,1-trichloroethane, 
1,2-dichloroethane,  carbon  tetrachloride,  chlorodibromomethane  and 
perchloroethylene  at  low  levels  (<  8  mq/L)  in  Talfourd  Creek. 
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Perchloroethylene  was  found  in  samples  taken  from  the  Belle  River,  Baby 
Creek,  Little  River,  Turkey  Creek  and  the  Canard  River  at  levels  ranging 
from  4-12  kig/L. 

Turkey  Creek  samples  also  contained  dichloromethane  (22  Mg/L),  as  well 
as  chloroform,  1 ,1 ,1-trichloroethane  and  benzene  at  concentrations 
between  2  and  8  mq/L. 

Most  of  the  volatile  compounds  occur  as  intermediate  or  end  products  in 
the  manufacture  of  chlorinated  organic  solvents.  All  have  been  measured 
in  the  St.  Clair  River  near  Sarnia  (MOE/DOE,  1986;  MOE ,  1989)  and 
originate  from  petrochemical  industries  in  the  "Chemical  Valley".  Due 
to  a  relatively  brief  biological  and  environmental  half-life,  it  is  not 
likely  that  their  detection  in  tributaries  elsewhere  reflects  inputs  at 
Sarnia;  rather,  this  probably  indicates  localized  uses  and  inputs. 

4.2.2  Inorganics 

The  distributions  of  lead  (Pb)  and  cadmium  (Cd)  in  tributaries  are 
illustrated  in  Figures  8  and  9.  Whole  water  mean  concentrations  were 
typically  low  for  lead,  and  the  PWQO  of  25  pg/L  was  exceeded  on  only  one 
occasion  at  Turkey  Creek  (Table  4).  The  highest  mean  value  of  8  mq/L 
was  observed  at  the  mouth  of  this  creek  (range:  3-30  mq/L)- 

The  PWQO  for  cadmium  in  water  was  exceeded  on  at  least  one  occasion  at 
each  tributary,  but  typically  in  no  more  than  40%  of  all  samples.  In 
contrast,  samples  obtained  from  the  Canard  River  and  Turkey  Creek 
exceeded  the  PWQO  in  50%  and  75%  of  samples,  respectively  (Table  4). 

The  presence  of  cadmium  in  some  tributaries  draining  mainly  agricultural 
areas  (such  as  the  Belle  River)  may  be  attributed  to  high  cadmium  levels 
associated  with  fertilizers  (Great  Lakes  Institute,  1986). 

Other  metals  which  routinely  exceeded  PWQOs  in  water  included:  aluminum, 
copper,  iron  and  to  a  lesser  extent  zinc  (Table  4).  Only  one  sample 
exceeded  the  chromium  objective  of  0.1  mg/L  (ppm).  This  occurred  at  the 
Murphy  Drain  which  discharges  to  the  St.  Clair  River  and  receives  waste 
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discharges  from  Chinook  Chemicals.   Chromium  (Cr)  and  nickel  (Ni)  in 
whole  water  were  consistently  elevated  (Cr:   0.006  -  0.081  mg/L;  Ni: 
0.016  -  0.200  mg/L)  at  the  mouth  of  the  Little  River;  however,  in  the 
case  of  chromium,  this  did  not  result  in  levels  which  exceeded  the  PWQO. 
The  Little  River  receives  metal  plating  discharges  from  Windsor  Bumper 
as  well  as  municipal  effluent  from  the  Little  River  Sewage  Treatment 
plant. 

Arsenic  levels  in  water  (maximum  :  0.005  mg/L)  were  considerably  below 
the  PWQO  of  0.100  mg/L. 

Metals  such  as  aluminum,  cadmium,  copper,  lead  and  zinc  were  frequently 
elevated  above  their  respective  PWQOs  and  sediment  dredging  guidelines 
(see  below)  at  the  mouth  of  Turkey  Creek  (Table  5);  however,  this  has 
not  been  tied  directly  to  specific  point  sources  upstream. 

Bottom  sediment  lead  concentrations  were  generally  lower  than  levels 
measured  on  suspended  solids  (Figure  8),  likely  due  to  dilution  of  the 
fine-grained,  more  contaminated  sediments  with  relatively  clean,  coarse- 
grained material.   One  exception  was  noted  for  the  Little  River  mouth, 
where  the  bottom  sediment  concentration  exceeded  levels  on  suspended 
solids.  The  centrifuged  samples  may  not  have  been  representative  of 
longer  term  depositional  trends. 

Additional  factors  may  affect  the  contaminant  levels  associated  with 
either  suspended  solids  or  bottom  sediments.  These  can  include  the 
level  of  organic  carbon  associated  with  the  solid  phase  (high  TOC  levels 
enhance  adsorption  of  contaminants)  as  well  as  high  suspended  solids 
concentrations  in  the  water  column.  The  latter  factor  may  result  in 
increased  or  reduced  contaminant  levels  per  unit  mass,  given  different 
suspended  solids  loads.  The  higher  Little  River  bottom  sediment  lead 
concentrations  may  be  attributed  to  the  TOC  levels,  38%  higher  than  in 
suspended  sediments.  The  suspended  solid  concentration  in  the  Little 
River  did  not  appear  to  be  disproportionately  high  in  comparison  with 
other  tributaries  (Appendix  II). 
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Ontario  Ministry  of  the  Environment  guidelines  for  the  open-water 
disposal  of  dredged  material  (Persaud  and  Wilkins,  1976)  indicate  that, 
with  the  exception  of  Turkey  Creek,  levels  of  cadmium  in  bottom  sediments 
from  the  mouths  of  all  tributaries  were  below  the  1  pg/g  (ppm)  guideline 
(Figure  9). 

Several  additional  metals  were  detected  in  sediments  at  levels  which 
exceeded  MOE  sediment  dredging  guidelines.  Chromium,  copper  and  nickel 
levels  exceeded  their  25  ng/g  guideline  at  several  tributaries,  including 
the  Sydenham  and  Little  Rivers  as  well  as  at  Turkey  Creek  (Table  5).  The 
mercury  guideline  (0.3  ng/g)  was  exceeded  in  both  sediment  samples 
obtained  from  the  mouths  of  Talfourd  Creek  and  the  Murphy  Drain  and  in 
one  of  two  samples  obtained  from  the  Little  River.  Zinc  concentrations 
exceeded  the  100  |jg/g  guideline  in  samples  from  the  mouths  of  the  Little 
and  Canard  Rivers  and  Turkey  Creek. 

Mean  lead  concentrations  measured  on  suspended  solids  were  also  highest 
at  the  mouth  of  Turkey  Creek.  A  range  of  140  to  500  yig/g   was  observed, 
with  a  mean  level  of  222  ng/g-   The  highest  individual  lead  concentration 
in  suspended  solids  (730  MQ/g)  occurred  at  the  mouth  of  the  Little 
River. 

While  MOE  dredging  guidelines  for  the  disposal  of  contaminated  dredgeate 
do  not  apply  to  suspended  solids,  it  is  interesting  to  briefly  compare 
results  for  suspended  and  bottom  sediments.   The  nature  of  material  in 
suspension  is  a  function  of  the  dynamics  and  energy  of  the  tributary 
which  carries  it.   In  most  instances  fine,  silty  material  less  than  62  pm 
in  diameter  is  carried  and/or  resuspended.  This  material  has  a  large 
surface-to-volume  or  weight  ratio  and  therefore  has  an  affinity  for  (or 
capacity  for  adsorbing)  heavy  metals  (Forstner  and  Whittmann,  1983)  and 
organic  compounds  such  as  PCBs  (Kauss  and  Post,  1987).  Conversely, 
bottom  sediments  are  composed,  in  part,  of  larger  diameter  sand  fractions 
which  tend  to  dilute  the  overall  bed  concentration. 

Arsenic,  cadmium,  lead,  nickel  and  zinc  concentrations  in  suspended 
solids  exceeded  the  MOE  dredging  guidelines  with  a  much  greater  frequency 
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than  did  bottom  sediments  obtained  from  the  same  location  (Table  5). 
Also  of  note  were  the  high  chromium,  copper  and  mercury  concentrations  at 
the  mouth  of  Talfourd  Creek  and  chromium  and  nickel  concentrations  from 
the  Little  River.  Levels  of  these  contaminants  detected  on  suspended 
solids  were  one  to  two  orders  of  magnitude  greater  than  the  respective 
dredging  guidel ines . 

4.3  Non-Point  Source  Contaminants 


Non-point  source  contaminants  may  come  from  a  number  of  diffuse  sources 
including:  urban  and  rural  drainage,  discharges  to  municipal  waste 
treatment  plants  and  groundwater. 

Receiving  water  assessment  may  not  be  able  to  distinguish  specific 
process-related  compounds  following  municipal  treatment,  since  wastes 
may  be  received  from  a  large  number  of  sources;  however,  most  nutrients 
and  pesticides  may  be  attributed  to  runoff  from  agricultural  land  and/or 
municipal  sources. 

4.3.1  Pesticides 


The  occurrence  of  pesticides  (including  insecticides  and  herbicides)  in 
Ontario  surface  waters  is  generally  attributed  to  agricultural  use.  The 
four  principle  factors  which  facilitate  pesticide  movement  into  the 
aquatic  environment  include:  storm  runoff,  leaching,  spray  drift,  and 
spills  during  application  and  handling  (Murty,  1986).  The  frequency 
with  which  pesticides  are  detected  is  further  dependent  on  their 
persistence  and  the  time  of  sampling  relative  to  application. 

A  study  of  southwestern  Ontario  watersheds  by  Braun  and  Frank  (1980) 
revealed  that  maximum  sediment-associated  transport  of  pesticides 
occurred  between  January  and  April  as  a  result  of  erosion  from  high  flow 
spring  runoff.  Peaks  were  also  coincident  with  periods  of  application 
throughout  the  growing  season. 
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The  occurrence  of  pesticides  in  water  (Table  6)  was  limited  primarily  to 
atrazine,  a  triazine  herbicide  used  in  controlling  nuisance  weeds  for 
corn  production  (Frank  et  a2. ,  1979).  Findings  from  the  present 
investigation  concurred  with  earlier  studies  (Frank,  and  Sirons,  1979; 
Frank  et  al_. ,  1979)  in  which  atrazine  was  detected  mainly  in  the 
dissolved  phase.  In  some  cases,  atrazine  was  detected  in  the  ng/g  (ppb) 
range  on  suspended  solids  (Appendix  II);  however,  the  detection  frequency 
was  low  (Table  7) . 

As  previously  indicated,  runoff  is  a  significant  means  of  transporting 
pesticides  to  receiving  waters.  Compounds  with  solubilities  approaching 
or  exceeding  the  solubility  of  atrazine  (70  mg/L  at  25°C  -  Merck  Index, 
1968)  are  transported  primarily  in  solution.  Atrazine  on  suspended 
solids  accounted  for  very  little  of  the  whole  water  atrazine  load 
(Table  10).  Concentrations  up  to  8450  ng/L  were  measured  in  whole  water 
(Appendix  II);  however,  this  maximum  was  still  well  below  the  calculated 
IJC  objective  of  200,000  ng/L  identified  in  Frank  et  a2. ,  (1979)  for  the 
protection  of  Daphnia  magna.  Atrazine  inputs  were  mainly  restricted  to 
the  St.  Clair  River  and  Lake  St.  Clair  tributaries.  Loadings  were 
greatest  from  the  Thames  and  Sydenham  Rivers,  ranging  from  about  20  to 
nearly  600  times  those  of  the  smaller,  slower  flowing  tributaries. 

The  phenoxy-acid  herbicides,  picloram,  silvex,  2,4-D  and  2,4,5-T  were 
detected  in  several  tributaries  at  levels  up  to  250  ng/g  on  suspended 
solids  (Table  7).  With  the  exception  of  picloram,  detected  in  single 
samples  from  the  Little  River  and  Turkey  Creek,  phenoxy  acid  herbicides 
were  not  detected  in  whole  water  samples.  The  PWQO  for  2,4-D  is  4  Mg/L- 

One  suspended  solid  sample  obtained  from  the  Cole  Drain  contained 
6601  ng/g  sencor,  a  triazine  herbicide.   It  is  difficult  to  determine  the 
significance  of  this  value,  given  that  no  water  quality  criteria  exist. 
This  was  likely  a  result  of  sampling  coincident  with  time  of  application 
and  may  reflect  a  minor  spill  during  handling  or  application.  The  Cole 
Drain  receives  runoff  from  undeveloped  as  well  as  developed  lands. 
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TABLE  7:   OCCURRENCE  OF  HERBICIDES  ON  SUSPENDED  PARTICULATE  MATERIAL 


ATRAZINE 

PICLORAM 

SILVEX 

2,ti-D 

2,tl.5-T 

%>MDL 

n 

%>MDL 

n 

%>MDL 

n 

%>MDL 

%>MDL 

n 

PERCH  CREEK 

0 

3 

0 

2 

50 

0 

50 

COLE  DRAIN 

33.3 

3 

0 

1 

0 

0 

0 

TALFOURD  CREEK  (d/s) 

0 

5 

0 

0 

0 

0 

0 

TALFOURD  CREEK  (u/s) 

0 

3 

0 

1 

0 

0 

100 

BABY  CREEK 

0 

2 

0 

0 

0 

0 

0 

MURPHY  DRAIN 

0 

2 

0 

1 

0 

0 

0 

SYDENHAM  RIVER 

0 

6 

50 

2 

50 

0 

50 

THAMES  RIVER 

0 

0 

1 

0 

0 

100 

BELLE  RIVER 

100 

0 

1 

0 

0 

0 

PIKE  CREEK 

0 

0 

1 

0 

0 

0 

LITTLE  RIVER 

0 

100 

1 

0 

100 

0 

TURKEY  CREEK 

0 

0 

1 

0 

0 

0 

CANARD  RIVER 

0 

0 

3 

0 

33.3 

0 

BIG  CREEK 

0 

MDL 

50  ng/g 

100  ng/g 

60  ng/g 

100 

ig/g 

50  ng/g 

MDL  -  Method  detection  limit 
n       -  Number  of  samples  analysed 
d/s  -  Downstream  station   (at  mouth) 
u/s  -  Upstream  station 
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industrial  waste  disposal  and  product  storage  areas,  treated  and 
untreated  runoff  and  industrial  process  effluent  and  cooling  water  (MOE, 
1989). 

Other  pesticides  detected  in  whole  water  included  a-BHC  and  Y-BHC 
(lindane),  which  are  fairly  soluble  (1-10  mg/L)  organochlorine 
insecticides  occurring  in  up  to  100%  of  water  samples  (see  Little 
River  -  Table  6).  Of  these,  only  a-BHC  was  detected  on  suspended 
particulate  material,  though  in  fewer  samples  (0-33%,  Table  8). 
Alpha-BHC  is  not  used  as  an  insecticide  and  typically  occurs  as  an 
impurity  in  lindane  (CCREM,  1987).  Endrin  and  p,p'-DDE  objectives  (2 
and  3  ng/L  respectively  -  Table  6)  were  exceeded  in  no  more  than  one 
sample  from  each  of  several  tributaries. 

Additional  pesticides  detected  on  suspended  solids  from  a  number  of 
tributaries  (Appendix  II  and  Table  8)  included  a-  and  /5-  endosulphan 
(0-33%  of  samples)  as  well  as  p,p'-DDE  (0-86%),  p,p'-DDT  (0-67%)  and 
heptachlor  epoxide  (0-50%).  Other  pesticides  detected  less  frequently 
on  suspended  solids  included  g-BHC  (0-28%),  a-chlordane  (0-57%), 
y-chlordane  (0-57%),  dieldrin  (0-71%),  endrin  (0-43%)  and  methoxychlor 
(0-43%)  (Appendix  II). 

The  presence  of  dieldrin  in  tributaries  is  of  concern  since  it  is  not 
registered  for  agricultural  use  in  Canada.  Dieldrin  is  registered  for 
termite  control  only  and  has  been  banned  in  the  U.S. A  since  1974.  A 
similar  concern  is  raised  with  respect  to  the  presence  of  p,p'-DDT, 
particularly  in  Detroit  River  tributaries  and  one  Lake  St.  Clair 
tributary  on  suspended  solids  (Table  8).  This  compound  was  registered 
only  for  an  extremely  narrow  range  of  applications  and  was  recently 
banned  altogether  in  Ontario  (January,  1989).  Dieldrin  as  well  as  the 
DDT  metabolite  p,p'"DDE  appeared  to  be  quite  ubiquitous,  since  they  were 
detected  in  almost  all  tributaries  studied  (Table  8).  These  concerns 
may  be  somewhat  tempered  by  the  fact  that  both  dieldrin  and  DDT  are 
extremely  stable  compounds  with  lengthy  soil  half-lives  and  their 
detection  may  represent  historical  use. 
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4.3.2  Nutrients  and  Chloride 

Mean  whole  water  phosphorus  concentrations  were  highest  at  the  mouth  of 
Turkey  Creek  (1.24  mg/L)  and  the  Little  River  (0.73  mg/L  -  Figure  10). 
The  Ontario  guideline  for  phosphorus  (0.03  mg/L)  to  prevent  excessive 
plant  growth  in  rivers  and  streams  was  exceeded  in  all  samples  from  all 
tributaries  (Appendix  II).  A  peak  concentration  of  4.3  mg/L  was  measured 
in  July,  1985  at  the  mouth  of  Turkey  Creek,  possibly  coincident  with 
fertilizer  application  and  runoff.  Mean  phosphorus  concentrations  in  the 
St.  Clair  and  Detroit  Rivers  ranged  from  0.009  to  0.025  mg/L  (Johnson  and 
Kauss,  1987). 

Chloride  concentrations  (Figure  11)  reflect  possible  industrial  or 
municipal  sources.  The  highest  mean  concentrations  were  observed  in 
Turkey  Creek  (90  mg/L),  the  Little  River  (80  mg/L)  and  the  Cole  Drain 
(75  mg/L).  It  is  interesting  to  note  that  the  mean  chloride  level  at  the 
upper  Talfourd  Creek  site  was  almost  twice  that  observed  at  the  mouth, 
suggesting  that  this  sampling  location  may  be  in  proximity  to  a  potential 
source  (perhaps  road  run-off).  Once-through  cooling  water  discharged  from 
Shell  Canada  contained  between  24  and  430  mg/L  chloride  during  a  1986 
investigation  (UGLCCS,  1989)  while  cooling  water  drawn  from  this  area  of 
the  St.  Clair  River  would  contain  about  11  mg/L  chloride  (Johnson  and 
Kauss,  1987).   In  addition  to  industrial  and  municipal  inputs,  road 
salting  is  often  responsible  for  elevated  chloride  levels  during  spring 
runoff;  however,  peak  concentrations  occurred  in  August  1984  (120  mg/L) 
and  July  1985  (143  mg/L),  thereby  precluding  the  latter  as  a  likely 
source. 

Total  Kjeldahl  nitrogen  (TKN)  concentrations  (Appendix  II)  closely 
mimicked  the  spatial  distribution  of  total  phosphorus,  with  the  notable 
exception  of  the  Murphy  Drain.  Concentrations  measured  in  this  drain, 
which  receives  process  wastewater  from  Chinook  Chemicals  Ltd.,  ranged  from 
1.6  to  189  mg/L  with  a  mean  value  of  36.5  mg/L.  TKN  includes  both 
organic-  and  ammonia-  nitrogen,  and  the  latter  is  typically  present  at 
concentrations  of  1  -  3  mg/L  in  Chinook  Chemicals  effluent  (Edwardson  and 
King,  1988).  The  high  concentrations  in  this  tributary  may  represent 
upset  conditions  or  the  contribution  from  amines  to  the  TKN  concentration. 

-  43  - 


.c 

^ 

I   c 


<o  »-  ^ 

q:sj  CO 

CO  o  Q) 

CO 


^  CO  hJ 


-  44 


(T] 


Q)    C    to 
i.    <D  -J 

CO 

.5  0-5 

•c  «i:  ^ 

^  v5    TO 


45  - 


A  priority  pollutants  scan  of  a  sample  from  the  Murphy  Drain  could  not 
be  performed  by  conventional  GC  techniques  due  to  its  complex 
composition.   Subsequent  analysis  by  GC/MS  methods  provided  additional 
information  on  the  structure  of  the  compounds  present;  however,  no 
complex  amines  were  detected  (as  might  be  expected  given  that  Chinook 
produces  ammonia-based  agricultural  products). 

4.4  Relative  Loading  Contributions 

A  limited  sampling  frequency  (maximum  of  14  samples  at  any  one  tributary 
over  the  two-year  period)  precluded  the  calculation  of  annual  loadings 
for  the  tributaries  monitored.   An  increased  sampling  effort  would  be 
necessary  to  extrapolate  to  such  a  period  of  time  with  any  degree  of 
confidence. 

An  important  consideration  when  understanding  non-point  source  inputs  is 
their  significance  relative  to  point  sources,  particularly  in  the  event 
that  point  source  control  is  achieved.   A  useful  indicator  of  the 
relative  importance  of  each  tributary  involves  comparing  instantaneous 
loads  based  on  concurrent  flow  and  concentration  data.  For  many 
parameters,  the  Thames  and  Sydenham  Rivers  were  the  greatest  sources, 
due  largely  to  their  high  flow  rates.   For  example,  while  the  highest 
lead  and  cadmium  concentrations  in  water,  suspended  solids  and  bottom 
sediments  occurred  in  the  Turkey  Creek  and  the  Little  River,  loadings  of 
these  as  well  as  other  metals  were  much  higher  from  the  Thames  and 
Sydenham  Rivers  (Figure  12;  Table  9). 

Total  (whole  water)  loadings  of  inorganics  from  all  sampled  tributaries 
were  dominated  by  iron  and  aluminum  (>500,000  mg/sec),  followed  by 
manganese,  zinc,  copper,  nickel  and  chromium  (>1,000  mg/sec),  then  by 
lead,  cobalt,  arsenic  and  selenium  (>100  mg/sec)  and  lastly  by  mercury 
(<10  mg/sec)  (Table  9).  Overall,  suspended  solids  carried  the  majority 
of  the  total  aluminum,  iron,  manganese,  chromium,  lead  and  zinc  loadings 
and  about  half  of  arsenic  inputs.   In  contrast,  the  majority  of  cadmium, 
cobalt,  copper,  mercury,  nickel  and  selenium  loadings  were  associated 
with  the  aqueous  phase. 
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FIGURE    12:   Mean   Instantaneous   Lead  and   Cadmium   Loading 
to    the    St.    Clair   and  Detroit  Rivers   and 
Lake    St.    Clair   (mg/sec) 


SUSP.SOLIDS 


vVt%     SUSP.SOLIDS 


BCTSBPLTC 
A  O  H  Y  E  I  I  U  A 
BLADLKTRN 
YEM.  LETKA 
I  E  L  E  R 
S  E   Y   D 


Note:  Suspended  solid  load  as  a  fraction  of 
whole  water  load  (%) 
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Loadings  of  HCB  and  OCS  (Figure  13;  Table  10)  from  the  Thames  and  Sydenham 
Rivers  were  similar  in  magnitude  to  that  of  the  Cole  Drain,  since  measured 
concentrations  from  the  latter  were  up  to  two  orders  of  magnitude  higher 
than  in  the  rivers  (Figures  5-6).   In  contrast  to  many  metals,  the 
proportion  of  the  HCB  loads  carried  by  suspended  solids  was  usually  lower 
(i.e.,  <50%)  although  ijt  increased  to  up  to  100%  in  the  Thames  and 
Sydenham  Rivers.   For  OCS,  most  of  the  loading  was  associated  with 
suspended  solids.  The  Cole  Drain,  Talfourd  Creek,  and  the  Thames  and 
Sydenham  Rivers  were  the  major  sources  of  HCB  and  OCS  as  well  as  HCE  and 
HCBD,  whereas  the  bulk  of  pentachlorophenol  originated  from  Talfourd 
Creek,  the  Cole  Drain  and  the  Turkey  Creek.   PCBs  were  only  detected  on 
suspended  solids.   High  concentrations  were  found  in  single  samples  from 
Talfourd  Creek  and  the  Thames  and  Canard  Rivers,  which  made  these 
tributaries  the  dominant  sources  of  this  contaminant  (Table  10).  With  the 
exception  of  PCBs,  chlorinated  organics  loadings  were  much  lower  (i.e.,  <1 
mg/sec)  than  inorganics  inputs.   Phenols  loadings,  particularly  from  the 
Thames  and  Sydenham  Rivers,  were  of  the  same  magnitude  as  some  metals. 

A  1987  preliminary  report  of  findings  from  the  MOE  St.  Clair  River  MISA 
Pilot  Site  Investigation  (MOE,  1987)  focused  on  point  source  loadings  from 
Dow  and  Polysar.  A  comparison  of  loadings  from  the  Dow  42-inch  sewer  and 
the  Cole  Drain,  major  sources  of  HCB  and  OCS  in  previous  studies, 
(MOE/DOE,  1986;  MOE,  1987;  MOE,  1989;  UGLCCS,  1989)  versus  tributary 
loadings  reveals  some  interesting  relationships.   Loadings  of  HCB  in  some 
tributaries  (Talfourd  Creek,  Sydenham  River,  Cole  Drain)  approached  the 
industrial  point  source  loadings  from  the  Dow  42-inch  sewer,  while  OCS  was 
of  the  same  order  of  magnitude  in  some  tributaries  (Figure  14). 

Contributions  from  the  Sydenham  and  Thames  Rivers  represent  intermittent 
or  patchy  sources  of  contaminants.  However,  the  importance  of  these 
sources  should  not  be  overlooked,  and  more  intensive  watershed  management 
studies  may  be  necessary  to  document  the  origin  of  these  compounds. 

In  contrast  to  the  organic  compounds  noted  above,  two  conventional 
parameters,  total  phosphorus  and  chloride,  were  dominated  by  tributary 
inputs  when  compared  to  loads  emitted  by  the  Dow  42-inch  sewer 
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FIGURE    13:   Mean   Instantaneous   HCB   and  OCS   Loadings    to 
the   St.    Clair   and  Detroit  Rivers   and  Lake 
St.    Clair   (pg/sec) 
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(Figure  15).  Nevertheless,  according  to  the  St.  Clair  River  MISA  Pilot 
Site  Investigation  (MOE,  1989),  chloride  inputs  from  the  Dow  4th  Street 
sewer  contribute  annual  loads  greater  than  that  of  all  sampled  tributaries 
combined,  given  a  mean  chloride  concentration  of  823  mg/L. 

Land  use  in  Ontario  along  the  Lake  Huron  -  Erie  corridor  is  primarily 
agricultural  and  similar  in  use  characteristics.  The  occurrence  and 
relative  loadings  of  most  pesticides  reflects  this  common  use  pattern 
(Tables  8  and  11).  Exceptions  appear  to  occur  for  atrazine  and  p,p'-DDE. 
Loadings  of  the  former  are  much  lower  in  tributaries  to  the  Detroit  River 
than  in  tributaries  entering  the  St.  Clair  River  and  Lake  St.  Clair.   In 
contrast,  estimated  loadings  of  p,p'-DDE  in  tributaries  to  the  St.  Clair 
River  were  lower  than  inputs  observed  in  Lake  St.  Clair  and  the  Detroit 
River.  Furthermore,  the  entirety  of  the  p,p'-DDT  and  p,p'-DDD  loads  were 
contributed  by  Pike  Creek  in  Lake  St.  Clair  and  the  three  Detroit  River 
tributaries.  The  major  sources  of  atrazine  were  the  Thames  and  Sydenham 
Rivers  (combined  total  of  30,540  ng/sec)  and  the  major  source  of  p,p'-DDE 
was  the  Thames  River  (48.3  ng/sec).  Loadings  of  some  other  pesticides 
were  also  highest  in  the  Sydenham  and  Thames  Rivers  (Table  11).  For 
example,  in  the  Thames  River,  loadings  were  7.7,  0.97  and  0.80  pg/sec  for 
dieldrin,  methoxychlor  and  a-endosulphan,  respectively.  Loadings  from  the 
Sydenham  River  were  typically  less  than  50%  of  the  Thames  River  loads, 
with  the  exception  of  endrin,  for  which  the  estimated  loading  (2.5  ng/sec) 
was  25  times  greater  from  the  Sydenham  River  than  from  the  Thames  River. 

Although  almost  all  of  the  atrazine,  a-BHC  and  Y-BHC  loadings  were  carried 
in  the  aqueous  phase,  virtually  the  entire  dieldrin,  a-endosulphan, 
p,p'-DDE,  p,p'-DDD,  p,p'"DDT,  endrin  and  methoxychlor  loadings  were 
associated  with  suspended  solids  (Table  11). 

4.4.1  Tributary  Loadings  Relative  to  Connecting  Channel  Loadings 

A  1984  survey  was  conducted  by  the  MOE  to  evaluate  mass  loading 
differences  between  the  head  and  mouth  of  the  St.  Clair  and  Detroit 
Rivers,  respectively  (Johnson  and  Kauss,  1987).  A  comparison  of  these 
loading  differences  with  tributary  inputs  allows  one  to  assess  the 
relative  significance  of  the  latter. 
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The  1984  head  and  mouth  study  provided  an  estimate  of  net  loading 
increases  in  each  river  from  all  sources.  These  load  estimates  for 
selected  parameters  were  based  on  ambient  concentrations  measured  at  head 
and  mouth  transects  in  each  river  and  on  known  connecting  channel 
discharge  volumes. 

Table  12  compares  loadings  from  Ontario  tributaries  measured  in  the 
present  study  as  a  percentage  of  total  inputs  to  each  of  the  St.  Clair  and 
Detroit  Rivers  and  to  Lake  St.  Clair  for  the  parameters  considered  for  the 
1984  study. 

The  importance  of  Ontario  tributary  loadings  relative  to  other  sources 
(e.g.,  point  source,  non-point  source,  atmospheric  etc.)  appears  to  be 
quite  minimal  in  the  St.  Clair  and  Detroit  Rivers  (i.e.,  usually  less  than 
a  percent,  with  a  maximum  of  4.4%)  with  the  exception  of  PCBs  in  the  St. 
Clair  River,  27%  of  which  were  contributed  by  tributaries. 

As  outlined  in  Johnson  and  Kauss  (1987),  Lake  St.  Clair  appears  to  act  as 
a  contaminant  sink  and/or  release  vector,  as  loadings  are  reduced  between 
the  mouth  (outlet)  of  the  St.  Clair  River  and  the  head  of  the  Detroit 
River  for  all  parameters  except  PCBs,  with  major  reductions  in  mercury, 
zinc,  HCB  and  OCS  (Table  12). 

Unlike  the  two  connecting  channels,  tributaries  to  Lake  St.  Clair  appear 
to  account  for  most,  if  not  all,  suspended  solids,  dissolved  organic 
carbon,  chloride,  phosphorus,  iron  and  PCBs  inputs  (within  expected 
error),  while  lead  contributions  from  tributaries  are  minimal.  This  is 
particularly  important,  because  data  on  loadings  from  Michigan  tributaries 
was  not  obtained  as  part  of  this  study.  Tributaries  would  be  expected  to 
contribute  a  significant  fraction  of  pesticide  loadings  to  the  connecting 
channels;  however,  this  would  be  mainly  contingent  on  the  time  of 
pesticide  application  and  sampling. 

Given  the  low  sampling  frequency,  the  expected  error  in  estimating 
loadings,  both  in  tributaries  and  in  the  St.  Clair  and  Detroit  Rivers, 
suggests  that  caution  should  be  exercised  in  using  these  results.  At 
best,  this  comparison  provides  an  estimate  of  the  relative  importance  of 
tributary  contributions. 
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5.0  CONCLUSIONS  AND  REC0>f4ENDATI0NS 

Based  on  the  findings  of  this  investigation,  it  can  be  concluded  that: 

i)   While  the  presence  of  most  pesticides  is  related  to  time  of  sampling 
versus  time  of  application,  several  pesticides  which  have  been 
restricted  in  use,  such  as  dieldrin  and  DDT,  were  found  at  detectable 
levels  in  whole  water,  suspended  solids  and  bottom  sediments.  It 
cannot  be  concluded  from  the  information  collected  whether  these 
residues  are  due  to  persistence  or  to  recent  applications;  however, 
the  predominance  of  breakdown  or  daughter  products  in  some 
tributaries  (e.g.,  Thames  River)  may  indicate  historical  use. 

•  It  is  therefore  reconmended  that  possible  sources  of  DDT  and  dieldrin 
be  investigated  in  watersheds  of  the  following  tributaries:  Talfourd 
Creek,  Pike  Creek  and  Turkey  Creek. 

ii)  Chloride  (01")  levels  were  higher  in  the  upper  Talfourd  Creek  than  at 
the  Creek  mouth. 

•  It  is  recoranended  that  the  possible  source  of  this  elevated  CI"  and 
potentially  related  industrial  contaminants  such  as  hexachlorobenzene 
and  octachlorostyrene  be  investigated,  focusing  on  known  landfill 
sites  which  may  impact  Talfourd  Creek. 

iii)  Uncharacterized  leachate  migrating  from  a  disposal  site  which 

formerly  received  wastes  from  Ford,  Chrysler,  General  Motors  and 
Hiram  Walker  may  be  contaminating  shallow  groundwater  that 
subsequently  enters  the  Little  River. 

•  It  is  therefore  reconmended  that  samples  of  leachate  from  this  site 
and  others  which  have  not  been  documented,  be  characterized  to  assess 
their  potential  for  impact  on  the  ecosystem. 

iv)  Bear  Creek,  which  ultimately  discharges  to  Lake  St.  Clair  is 

potentially  an  intermediate  receiver  of  leachate  from  a  number  of 
landfill  sites  (GTC,  1986). 
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•  It  is  recommended  that  any  further  tributary  investigations  include 
Bear  Creek  in  order  to  document  its  water  quality  and  contribution 
of  contaminants. 

v)   Hexachlorobenzene  and  octachlorostyrene,  as  well  as  other 

industrial  organics,  were  intermittently  detected  in  several 
tributaries  including  Talfourd  Creek  and  the  Sydenham  River.  A 
relatively  high  frequency  of  occurrence  was  noted  at  the  Cole 
Drain,  probably  due  to  upstream  landfill  leachate  and  runoff. 
Elevated  mercury  concentrations  on  suspended  solids  at  the  mouth  of 
Talfourd  Creek  and  high  PCBs  levels  on  suspended  solids  from 
Talfourd  Creek,  The  Thames  River  and  Turkey  Creek  (albeit  on 
isolated  samples),  also  gives  rise  for  concern. 

•  It  is  recommended  that  possible  sources  of  these  contaminants  be 
identified  and  that  the  significance  and  frequency  of  their 
intermittent  occurrence  be  assessed  through  more  intensive 
watershed  management  studies.  These  studies  should  include  the  use 
of  biomonitors  to  integrate  these  intermittent  sources  and  provide 
a  more  sensitive  indication  of  contaminant  pulses. 

vi)  Heavy  metal  and  PCB  concentrations  in  Turkey  Creek  were  elevated 
above  numerous  provincial  water  quality  objectives  and  sediment 
dredging  guidelines.  Potential  sources  of  these  contaminants 
appear  to  be  industrial  and  municipal  (septic)  inputs  to  the  Grand 
Marais  drain  and  Turkey  Creek,  although  these  sources  need  to  be 
further  defined. 

•  It  is  recommended  that  a  more  comprehensive  investigation  be 
undertaken  to  identify  and  quantify  specific  sources  in  the  Turkey 
Creek  watershed. 
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APPENDIX  I 

UGLCCS  Non-point  source  (NPS)  work  group  activities: 

Survey  of  waste  sites  and  assembly  of  existing  data  (Canada). 

Survey  of  waste  sites  where  groundwater  contamination  is  suspected 
or  known  to  be  occurring  and  assembly  of  existing  data  (U.S.A.). 

Preliminary  designation  of  potentially  hazardous  sites  (Canada  and 
U.S.). 

Site  specific  investigations  to  obtain  required  data  where 
necessary  for  prioritized  waste  sites  and  calculation  of  loadings. 

Deep  well  disposal  assessment,  Lambton  County,  Ontario. 

An  assessment  of  the  seepage  of  groundwater  into  the  St.  Clair 
River. 

Inventory  of  NPS  impacts  based  on  water  quality  sediment  and  biota 
data  for  the  tributary  mouths. 

Inventory  of  significant  urban  storm  water  discharges. 

Pesticide/fertilizer  use  inventory  by  County  (and  watershed  in 
Ontario). 

Agricultural  inventory  of  tillage  practices  by  County  (U.S.). 

Agricultural  inventory  of  soil  and  water  conservation  practices 
by  county  in  Ontario  (Canada). 

Animal  wastes  facility  inventory  by  county. 

Atmospheric  data  search  for  phosphorus  and  pesticide  deposition. 

1986-87  Agricultural  and  urban  NPS  follow-up. 

Geophysical  and  hydrological  determination  of  the  groundwater  flux 
through  the  bottom  sediments  of  the  Upper  Connecting  Channels. 

-  67  - 


APPENDIX  II 


DETAILED  FINDINGS  BY  MEDIA 


-  68  - 


APPENDIX  II  NOTES 


1.  In  the  following  tables,  values  less  than  the  method  detection 
limit  are  represented  by  zero. 

2.  Stations  can  be  identified  by  Body  of  Water  and  Station  No.  as 
fol lows: 

Body  of  Water  4:    Lake  St.  Clair 

Station  No:    1.  Thames  River 

2.  Sydenham  River 

3.  Belle  River 

4.  Pike  Creek 

Body  of  Water  8:    Lake  Huron 

Station  No.:    6.   Perch  Creek/Gull  Drain 

Body  of  Water  10:   Detroit  River 

Station  No:   5.   Little  River 

6.  Turkey  Creek 

7.  Big  Creek 

Body  of  Water  15:   St.  Clair  River 

Station  No.:   3.  Talfourd  Creek  (mouth) 

4.  Talfound  Creek  (upstream) 

5.  Baby  Creek 

6.  Murphy  Drain 

7.  Cole  Drain 
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